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. . TRACK sgm_ CHAXEER . FOR OBSERVATION ' OF HIGH ENERGY
| N‘UCIEAR INTERACTIONS. !

G.E.Chikovani, V.A.Mikhailov,V,N.Roinishvili:

Institute of Pnysics of the
Academy of Sciemces of %he -
Gecrglan SSR
. Rapxd grcwth of the nUmber of experiments in the fzeld cf phyelcs
~of high energy particles made necessary creation of new types of de- '
tectors for charged particles. “A spark chamber is orne of such detec-

tors- dlfferent types of this chamber have found wide application in
phyaical experlments. But the principle of thelr operation was the

- /
' same as in the first works made.by S, Fukui and S. Miyamctc o
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We have offered another in prlnclple method for registration of

partlcles in a spark chamber based on the so-called "track" regime of -

72,3/

‘its work . . At thls regime the chamber works as a real track device

- reprodu01ng tracks quite similar to those in a cloud chamber,

The pregsent paper is devoted to the results of the study of pro-
pertles of a track spark chamber.

In a track spark chamber the development of streamers is arti-
flclally broken at an early stage and the track. cf & partlcle is ob~
" tained as luminous columns situated -an. the traaectory of the particle.
The length of the column in the direction of the electrlc field is about.
several millimetres and their average w1dth is about two millimetres.

The track chamber , unlike ordlnary spark chambers, gives an
eXact space reproduction of tracke of pertlcles mcving at arbitrary

angles with. reepect to the electric field. -
The experimental device umed o ﬂtudy properties of the track

chamber is shown schematically in- Flg.I 5 Chamber /4/ is a rectangulal
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glass box, its size is IOOcm x 60cm x 20cm { the last number is the

.

depth of'the chamber )} glued with exopide gum. The chamber is filled *

w1th neon of "espe01al purity" at the pressure of I atmosphere. |

Stereophotography of tracks is performed through electrode grid /3/

ﬂflent canacltyyof 206/? is applied to thls electrode. The duraulon of

- disappearance of ‘the luminous centres. ‘Duration of the pulse at the

a”f?the pulse‘ls regulated by the change of the distence of shunting
”spark gap /5/' The operation of the chamber is controlled by the

001ncidence of “Geiger-Miiller counters /I/, /2/. An electronic circuit
allows to change the delay tlme‘td between the passage of a particle
and the,triggerlng\of the high voltage pulse generator within the

'range”Ié—ZOOrsec.vAﬁseparaﬁe camera is used to take photos of tracks

‘ through a eide wall, -

- Examinatlon of the photos obtalnea through the side wall of the

chanber /Flg.a/'showa that at long duratlons of the feedlng pulse >
e v

I0 sec the discharges spread from one electrode to the other /Fig.Za/
and have a- cluster form with a nod s1tuated in the p01nt of the pos1-

tion of & pr1mary electron. Some decrease of the pulse duratlon

' leads to the aetachment of d1scharges from the chamber wall and to

thcir locallzation in the volune of the gas /Fig.zb/ If to decrease

further the duration of the pulse to about S.IO ~ sec one can obtain

the lecgth of streamers abouf sonme millimetres. Then their‘brightnees

sharply decreases and taking their photos from the side Wall'becomes‘. ihhlf ;
rather difficult . But the brlghtness of streamers along the dzrection : 'ﬁ
of the electric field 1s sufflclent to obtaln photos. of- hlgh quallty. v

Further 31gn1f1cant decrease of the duration of the pulse leads to oo ]

"t ack" regimé can be changed in a very narrow interval which is edusl

. to some nano secondd, This interval is Wy the order ef maguitude ecual
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ébout';oﬁ of the time necessary for"thégocvelopmenﬁ‘cf an electronic
avalanche and its transformatiori into s treamers. Wnen the amplitude

of the high voltage pulse is decreased, the time of the action of
) the pulse should be made longer and vice versa ' iu should be shortencd
‘2t the incrgase of the cmplltude. ﬁ' _

All these facta imply very strlct reouirem~nts on  the forma»icn
of duration of a high voltago pulse.vIn the case. of formation of :
duration of a pulse by means of Rc-chaln, it 13 dlfflcult to achleve X
the same good registratlon of both large groups of particles and of ;v
a single particle. If to tune the chamber for the "track® reglme for
‘& slngle particle then at the passage of a large group of partlcles
the tracks aof a shower will be 1ndlstlnct because of a 8light decrease
'of the high voltage pulse at parasitic inducuances. And in the case
of tunlng of the chamber for the "track" regime for a 0'romp of par-

,‘ticles, streamers will be OVerdeveloped for single particles The A

thod of formation of duration of the high voltage ‘pulse by means of
2 shunting gap has no these dlsadvantages. In the casge of the passage
of a group the decrease of valtage is automatically compensated by
the - increase of the length of high voltage pulse which oceurs because
of the 1ncreased delay tlme of dhe breakﬂcwn of the shuntlng gaP.;
Whlle operating with the shunﬁlng gap wa obtain in the chamber tracks
'or hlgh quality both for single particles /Fig.a/'and for the group ' .
'/.E’ig.4/ ) - IR
The examination of stcreophotos shows %hat the coordinates of -
lununous centres along the directlon of the eleétrlc field can be
determlned to an accuraoy of t@o millimetres.»-f ’
leferent characteristics of}ihé.spark chamber ‘at the ”track"
‘rocimc wore atudied They include' the number of lumirious columns,

- the width.of thcﬂcolumns and roct an-square deviatlon of tHE ¢oluitis
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"~ the high‘voltage;pulse should be increased a little if one mizhes

N

N,
N\
\

vfrcm'thé§fsal irajectory depending on the delay time-betw&en-the

paSsgge'of %he particle and the momen t Q supply of the high voliasc

/-
/

bulse. _ ,
| At the "track" regimé tracks of high'quality.in‘the spaxk cham-
bef”werazobtained_in all the interval.of delays studied by us :

T+ 200fsec /Fig.3 end Fig.5/. At the increase of delay the width of

v

e

obtain tradks'of high quality. So, for instance, at the inerease of
the delay time til] éoorsec the length of the pulse should be incrcased |

'for 5-7% 1n comparlson w1th small delays of the order of Irsec.

The width of the- columns at small delays fluctuates very sllght-

1y and at the delay”td 4 Irsec the mean value of the diameter of the.

columna is I 6EML The fluctuatian of the dianeter of the column

sllghtly increases with the increasing delay.

Thé number of luminous columms increases very slowiy with the

}increase of the delay. At the delays smaller than IIrsec the number
of . the lumlnous columns A/ per Icm of the track is equal approximately

to. 154 and at the delay of 2oorsec to 2.8 .The number of luminous
columﬂ* at the "trackn regime i3 about an order smaller than the numr'
ber o;“the primary electrons. | ‘ |

At very ?ig delayswa;zoorsec foot:ggan-square deviation_of lumif
nous centres ~ from the trajectory of the parficle coincides with the
diffusion deviation of,priméry electrons, The dependence of the roof~\\“
mean-sqﬁare deviations of the 1umigous colums from ﬁhe real trajectory
on the delay time in the fange Ié-IIrsec is given in Fig.6,. The expe-
rimenfal points are plotted és triangles. The mentioned errors corres=

pond to two standard deviationa, The solid curve corresponds to the

diffusion of primary electrons in neon at the value of the diffusiss

cosfricient 92 x 10° onP/eso,

As one can see in Fig,6 the experimental points lie much lowexr

Y
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than the diffusion curve and the dlscrepancy cannot be explained by
the errors of measurement, The discrepancies are caused by the naoure
of the spark. chamber operation at the "track" regime. They 1nd1caue
that at small values of delay time and at the duration of the high :
Voltage pulse necessary to obtain the "trackn regime electron clug-
ters have the main vart in the creatlon of lumlnous centres and not
single electrons. Avelanches crented by such clusters firstly reach
the critlcal size necessary for the transformation: an avalanche =
streamer earlier and secondly they fluctuate less than avalanches

 created by 31ngle electrons..Tne results of the calculation of avalanche

fluctuatlons created by dlfferent number of prlmary electrons are
given in Fig,7. The distance passed by an avalanche in the electric
-,flcla i8 put along the absc1ssa axis in the units of oot 2“ ( where & .
1s the first coeff101ent of Taunsend } and the Probability of an
avalanche transformatlon into a streamer after paSSIHg the distance

in the electric fielg is put along the ordinate axis, It is natural

to assume that gwo electrons at the dlstance less than the size of
,'the luminous- colum ¢ » in our case I.6mm, form an electron cluster
and ¢reate one avalanche. On the other hand, while developing in the

_electrlc field, one of the ,avalanches, because of fluctuatlons will

then it will supress the development of the near by avalanches by its -

volume charge field, Therefore there should be some dlstancezgﬁearer
vwhich two avalanches. will not- develop into a streamer at the same
t1me/h/i It is p0851ble to estlmate that for the case of the "track"
Tegime from the observed number of the luminous colums at small delays
(Ty=TIpsec ) Zo= 6.7mm. | |
To calculate the visible width of the track depending on tha
delay 18 very difrieult in the general case. But it can be estimated

easily in the two extreme caoes,!when the dlffu31on width ig so big

w}m /42- o&pﬁgﬁ&rm w‘,o//-f I/ 1Len a/, o.«x—/
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f*that the mean distance between the adjacent elecirons is much blggsr

.fIn the first case the fluctuatlon of the centre of the

electron cluster from the real traqectory w111 be

6' - Gc ) o ,
, . ‘ ,Mw - M
where Wy ig the mean mumber of electrows of the cluster., The caiculaoiud

velue for the aclay ?}-Irsec is shows iﬁ'F 1g.6 6 by a‘circlc.
In the case of big delays the columns develop ?rom sxﬁgie pri-~
mary electrons and therefore the observed width 4hould coincide with

the dlffu31on one.

| ’In‘Flgoghthere'are shown the results of the appearance of strea-
mers witﬁ\@he time.‘The,caiculations were made with taking into account
the flucfu;}ion in the development of avalanches, cancellation of

avalanches one by another and'cldstering 6f‘qlose1y spaced electrons

into one avalanche. Along the abscissa axis the distance is put passed .

by avalanches in the electric field and the number of the visible
centres in relatife units is but along the ordinate axis. .
As it isvseeﬁ in Fig.§ avalanches begin to transform into strea-
mers after they pass~in the field the way Q;;O.892m4»<' . Dﬁring the
timé wheh'avalancheé‘pass the way from O.QQszmé to 0.93Lmeex l, 0%
of éll the centres, which could have defeloped, already reveal them~

gelves., Thus the whole transformation an avalanche - luminous centred

takes about I0% of the total time of the track formation. The further

ifcrease of the pulse will lead to the change of th¢ track to the #;f““~n

‘worse. Wnen the delay is increased, as it follows from Fig.§ , the

revealation of centres should begin later. Therefore the required

duration of the'high voltége pulsge should'be correspondingly_longer.

At the delays Ty=200psec, as it follows from Fig.§ , widths of the

" pulse should be for 5% bigger than at small delays and it is well

ganfirmad by experim@ntal observations. Besiaes, as it is seen from

Sk

the flyﬁre, the process of the transformatlon an avalanche-sireanmer
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- at small delay times /lﬁsecl/ takes_lesthime than at big delays

-/ 200psec /. Therefore to the end of the pulse, at small delays, in

~ agreement with the experiment, the sizes of the luminous centres

should have less spread'than at big delay time. The number of lumi- s

v‘nous columns calculated accordlng to thza model agrees vwll with the

observed ones.

In conclusion it should be noted that in the "track” chambcr one

‘can obtain tracks about I metre long ‘and even longer, at the same time

',‘_: lumlnous columns are very. closely spaced with the traqectory of the

partlcle..All these facts have fundamental importance for measurement

fv?,of'a charged parﬁicle pulse*in a magnetic field. For instance,.thv
- maximum measurable pulse of charged particles for our chamber should
i be equal to 300 BeV/c ( at the delay tlnw’rd = Irsec, at the length of
v’the tracks equal to IOOcm and(the strength of the magnetic field
a*l equal to 7.I10° ocersted Yo 7 ' '

, It.seems that the trackvspark‘chambe} is a very perspectiVe device '

for studying various problems of hlgh energy Particles because of its

~_'exact reoroauctlon of tracks of particles in the space and regxstratlcn

-

~ both SIngle part1cles and large groups of particles as ‘well as the

. tracks of the bParticles generated in the chamber itself.
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Flgures to the paper of G. E Ch1kovan1,
V. A.Mlkhallov, V.N.Roinishvili "Track Spark Chamber '

for Observation of High Energy Nuclear Interactlons ",

we

- Fig.i The scheme of the device'
. I-2 = Gelger-muller counters.f : .
3 ‘_? 'fGrld electrodes. | “ _ . L 7
“ 4.“ of-_vglaas box fllled‘wnth neon (sige.Iboém[xa660§;£f206nqji

s e 'Shunting-spark gap.

Fig;é; Photos of charged part1cle tracks in the spark chamber,
- ftaken through the side wall
2a =~ Pnoto of a track ‘#t. the duration of the pulse > .I0" =7 soc{
| '2b - hoto of a track at’tie- duration of the gulse>5 1078

not short enough to obtain the track regime, '

L

A_'Figfs."Stereophth of a single particle track at the operation of |

tﬁo?bhgbber at the track regime.

fugﬁo?oophoto of a shower of'particles at the operation of

u.thofehamber at the track regime.

vFngS'iPhoto of a track at the delay time between the passage of the

partlcle and the supply of the high voltage pulse Ty = ?OOr«sec.

;ki" . Fig.6" Root‘mean-sduare deviations of luminous colums from the
; trajectory of a-pafticle as a function of T, . Triéngles are‘
exoerlmcntal values. ( Errors plotted in the figure are equal
to two stanaard deviations Y. The circle is the calculated
. vaWue of the root mean—square doviation for an electrofn dlusbey
w1th the "multiple" equal to 3.9 .
8. - \
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Fi‘g'.'? Probabilities of the transformation of an ava alanche into a
' -streamer dependmg on the length of the way passed by an

avalanche in ‘the- electric field at. different in1t1a1 numbex

o

of electrons - -rh

Fi.‘g.8 De"pendence of ‘the number of luminous columns ( in relatlve

units ) on the length of the way passed by avalanches e

9

: in the electmc field, for- different values of Tq « Curve I is

for 'C’d Iysec and M;I 44 , Curve 2 is for U= IOrsec, and

Vm ax =' I. 5

__'UI‘Ve 3'18 for 7= 200r 8e¢ and MFE#.ILB .
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